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(57) ABSTRACT 
An acoustic wave device includes: a piezoelectric Substrate 
on which an acoustic wave element and an electrode pad 
connected to the acoustic wave element are formed; a first 
resin part having a first opening located above a function area 
in which an acoustic wave is excited by the acoustic wave 
element and a second opening located above the electrode 
pad; a second resin part that covers the first opening and has 
a third opening located above the second opening; and a metal 
layer formed on the electrode pad in the second opening, the 
first opening and the second opening being inversely tapered. 

10 Claims, 8 Drawing Sheets 
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ACOUSTC WAVE DEVICE AND METHOD 
FOR MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is based upon and claims the benefit of 
priority of the prior Japanese Patent Application No. 2008 
217062, filed on Aug. 26, 2008, the entire contents of which 
are incorporated herein by reference. 

FIELD 

A certain aspect of the embodiments discussed herein is 
related to an acoustic wave device and a method for manu 
facturing the same. 

BACKGROUND 

An acoustic wave device may be provided in wireless 
communication devices, which may typically be portable 
phones. The acoustic wave device has an acoustic wave ele 
ment formed on a piezoelectric Substrate. The acoustic wave 
device has a function area in which an acoustic wave is 
excited by the acoustic wave element. Such a function area 
may include an interdigital transducer (IDT). An opening is 
defined above the function area because the acoustic wave is 
excited. 

An acoustic wave device utilizing a wafer-level packaging 
scheme directed to downsizing is described in Japanese Laid 
Open Patent Publication No. 2006-324894. FIG. 1 of this 
publication describes the following acoustic wave device. A 
piezoelectric substrate 100 has a function area (comb elec 
trodes 110), which is sealed with a resin part (composed of a 
cavity forming layer 210 and a seal region 230) so as to define 
a cavity 320 above the function area. An electrode pad (pad 
electrode 120) electrically connected to the acoustic wave 
element is formed on the piezoelectric Substrate. An opening 
is formed in the resin part above the electrode pad. The 
opening is full of a metal layer (electrically conductive via 
430). An external circuit may be connected to the acoustic 
wave element via the metal layer and the electrode pad. 

SUMMARY 

According to an aspect of the present invention, there is 
provided an acoustic wave device including: a piezoelectric 
Substrate on which an acoustic wave element and an electrode 
pad connected to the acoustic wave element are formed; a first 
resin part having a first opening located above a function area 
in which an acoustic wave is excited by the acoustic wave 
element and a second opening located above the electrode 
pad; a second resin part that coves the first opening and has a 
third opening located above the second opening; and a metal 
layer formed on the electrode pad in the second opening, the 
first opening and the second opening being inversely tapered. 
The object and advantages of the invention will be realized 

and attained by means of the elements and combinations 
particularly pointed out in the claims. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the invention, 
as claimed. 
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2 
BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a cross-sectional view of a surface acoustic wave 
device in accordance with a first embodiment; 

FIG. 2 is a plan view of a first resin part employed in the 
first embodiment; 

FIG.3 is a plan view of a second resin part employed in the 
first embodiment; 

FIGS. 4A through 4D are cross-sectional views illustrating 
a method for manufacturing the Surface acoustic wave device 
in accordance with the first embodiment; 
FIGS.5A through5C are cross-sectional views illustrating 

steps of the method that follow those in FIGS. 4A through 4D: 
FIG. 6 is a cross-sectional view of an electrode pad and its 

vicinity in a comparative example; 
FIG. 7 is a cross-sectional view of an electrode pad and its 

vicinity in the first embodiment; 
FIG. 8 is a cross-sectional view of an electrode pad and its 

vicinity in accordance with a first variation; and 
FIG. 9 is a cross-sectional view of an electrode pad and its 

vicinity in accordance with a second variation. 

DESCRIPTION OF EMBODIMENTS 

An acoustic wave device related to an aspect of an embodi 
ment will now be described. A related acoustic wave device is 
as described in the publication previously indicated. As has 
been described, the resin part covers the entire function area 
on the piezoelectric Substrate and prevents moisture from 
entering into the function area. The metal layer that pierces 
the resin part prevents moisture from entering the function 
area through the metal layer. The related art has excellent 
moisture resistance reliability. 

However, the related art is not considered in terms of the 
adhesive strength of the electrode pad and the metal layer and 
the shape of the cavity. Thus, there is a possibility that the 
electrode pad and the metal layer may be removed and the 
cavity may be deformed. These phenomena may degrade the 
reliability of the acoustic wave device. 

According to an aspect of an embodiment of the present 
invention, there is provided a more reliable acoustic wave 
device. 
First Embodiment 
A first embodiment will now be described. FIG. 1 is a 

cross-sectional view of a SAW device that is an exemplary 
acoustic wave device in accordance with the first embodi 
ment. The SAW device has a piezoelectric substrate 10 made 
of a single crystal such as lithium tantalate (LiTaC) crystal or 
lithium niobate (LiNbO) crystal. An acoustic wave element 
(IDT) 12, electrode pads 14 and interconnections may be 
made of a metal Such as aluminum or aluminum including 
copper. The interconnection lines electrically connect the 
acoustic wave element 12 and the electrode pads 14. 
A first insulative resin part 20 made of, for example, epoxy 

resin, is formed on the piezoelectric substrate 10. The first 
resin part 20 has a first opening 22 located above the function 
area of the acoustic wave element 12 and second openings 24 
respectively located above the electrode pads 14. A second 
insulative resin part 30 made of, for example, epoxy resin, is 
formed on the first resin part 20. The second resin part 30 
covers the first opening 22, and has third openings 34 respec 
tively located above the second openings 24. Thus, the first 
opening 22 is the hollow cavity. A metal layer 40 made of for 
example, Ni, Cuor Au, is formed on the electrode pads 14 in 
the second openings 24. Solderballs 42 made of, for example, 
SnagCu, may be formed on the metal layer 40. 
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FIG. 2 is a plan view of the first resin part 20 in which the 
electrode pads 14 are depicted by broken lines. Referring to 
FIG. 2, solid lines of the first opening 22 and the second 
openings 24 indicate the upper ends of the first opening 22 
and the second openings 24. Broken lines of the first opening 
22 and the second openings 24 indicate the lower ends of the 
first opening 22 and the second openings 24. FIG. 1 corre 
sponds to a cross-section taken along a line A-A illustrated in 
FIG. 2. The first opening 22 has a rectangular shape viewed 
from the upper side of the SAW device, and the second 
openings 24 have a circular shape viewed from the upper side 
thereof. The lower end of the first opening 22 has a shape 
similar to that of the upper end, and the lower ends of the 
second openings 24 have shapes similar to those of the upper 
ends. The taper angles of the openings with respect to the 
surface of the piezoelectric substrate 10 are uniform. 

FIG.3 is a plan view of the second resin part30 in which the 
upper end of the first opening 22 is depicted by a broken line. 
In FIG.3, solid lines and broken lines of the third openings 34 
are respectively the upper and lower ends of the third open 
ings 34. FIG. 1 corresponds to a cross-section taken along a 
line A-A in FIG. 3. The third openings have circular shapes 
viewed from the upper side of the SAW device. The upper and 
lower ends of the third openings 34 have similar shapes. The 
taper angles of the third openings 34 with respect to the first 
resin part 20 are uniform. The first opening 22, the second 
openings 24 and the third openings 34 are not limited to the 
circular or rectangular shapes. In order to simplify the manu 
facturing process, it is preferable the taper angles of the open 
ings are uniform. However, the taper angles of the openings 
may not be uniform. 
As illustrated in FIGS. 1 through 3, the surfaces of the first 

resin part 20 that define the first opening 22 and the second 
openings 24 are inversely tapered, and the Surfaces of the 
second resin part 30 that define the third openings 34 are 
inversely tapered. 
A method for manufacturing the SAW device of the first 

embodiment will now be described. FIGS. 4A through 4D 
and FIGS.5A through 5C are cross-sectional views that illus 
trate a method for manufacturing the SAW device in accor 
dance with the first embodiment. Referring to FIG. 4A, an Al 
film or an Al-Cu film is formed on the piezoelectric sub 
strate 10 by sputtering. The IDT of the acoustic wave element 
12, the electrode pads 14 and interconnections (not illus 
trated) are formed by the photolithographic process and the 
etching process. An inorganic insulative protection film (not 
illustrated) is formed on the acoustic wave element 12, the 
electrode pads 14 and the interconnections. The inorganic 
insulative film may be made of a silicon compound, which 
may be silicon oxide (SiO), silicon nitride (SiN) or silicon 
oxycarbide (SiOC). The inorganic insulative protection film 
on the electrode pads 14 is removed by the photolithographic 
process and the etching process. A metal film (not depicted), 
which may be a Ti/Au film in which the Ti film underlies the 
Au film, is formed on the electrode pads 14 by the liftoff 
process. 

Referring to FIG. 4B, an epoxy negative permanent resist 
21 is formed on the acoustic wave element 12 and the elec 
trode pads 14 by spin coating so as to have a thickness equal 
to tens of microns, which may be 30 um, for example. Refer 
ring to FIG. 4C, ultra-violet ray is projected onto the negative 
resist 21 with a mask 50 that prevents the ultra-violet ray from 
being projected onto the function area of the acoustic wave 
element 12, the electrode pads 14 and dicing areas (not illus 
trated). By developing the negative resist 21, the first resin 
part 20 having the first opening 22 and the second openings 24 
is formed. In a case where a larger amount of projection of 
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4 
ultra-violet ray (the amount of development) than the appro 
priate amount of development is selected, the first opening 22 
and the second openings 24 are inversely tapered in the first 
resin part 20. Referring to FIG. 4D, an epoxy negative per 
manent resist 31 is formed on the first resin part 20 by tenting 
So as to have a thickness equal to tens of microns, which may 
be 30 um, for example. 

Referring to FIG. 5A, the ultra-violet ray is projected onto 
the negative resist 31 with a mask 52 that prevents the nega 
tive resist 31 located above the second openings 24 and the 
dicing areas (not illustrated) from being exposed to the ultra 
violet ray. By developing the negative resist 31, the second 
resin part 30 having the third openings 34 is formed. In a case 
where a larger amount of projection of ultra-violet ray (the 
amount of development) than the appropriate amount of 
development is selected, the third openings 34 are inversely 
tapered in the second resin part30. Referring to FIG. 5B, a Ni 
film, which may be 50 um thick, is formed on the electrode 
pads 14 exposed through the second openings 24 and the third 
openings 34 by electrolytic plating. An Au flash plating is 
carried out for the Ni film. This results in the metal layer 40 on 
the Ni film. Referring to FIG. 5C, solder bumps made of, for 
example, Snag or SnagCu, are formed on the metal layer 40 
by mask printing and are processed by reflow. Thus, the Solder 
balls 42 are formed on the metal layer 40. 
The first embodiment has the following effects. FIG. 6 is a 

cross-sectional view of a part of a SAW device of a compara 
tive example, which part includes an electrode pad. In order to 
increase the adhesive strength of the electrode pad 14 and the 
metal layer 40, it is preferable that the area of the lower end of 
an opening formed in a resin part 35 is greater. It is thus 
conceivable that, as illustrated in FIG. 6, an opening in the 
resin part 35 is inversely tapered so that the diameter L02 of 
the upper end of an opening 36 is Smaller than the diameter 
L01 of the lower end of the opening 36. However, in a case 
where the diameter L02 of the upper end of the opening 36 is 
comparatively small, the solder ball 42 in the opening 36 is 
downsized, and the area for electrically connecting the metal 
layer 40 in the opening 36 to an external circuit is thus 
reduced. 

FIG. 7 is a cross-sectional view of a part of the SAW device 
in accordance with the first embodiment, which part includes 
the electrode pad 14. The diameter L11 of the lower end of the 
second opening 24 is greater than the diameter L12 of the 
upper end thereof. That is, the first resin part 20 and the 
second resin part 30 are provided, and the second opening 24 
formed in the first resin part 20 is inversely tapered. It is thus 
possible to increase the area of the lower end of the second 
opening 24. In addition, since the second resin part 30 is 
formed on the first resin part 20, the diameter L22 of the upper 
end of the third opening 34 can be increased independently of 
the diameter of the second opening 24. It is thus possible to 
ensure the sufficient adhesive strength of the electrode pad 14 
and the metal layer 40 and simultaneously enlarge the Solder 
ball 42. For example, the diameter L11 may be tens of 
microns, and is preferably a few microns greater than the 
diameter L12 or more in order to reliably obtain the above 
effects. 
The diameter L21 of the lower end of the third opening 34 

is greater than the diameter L12 of the upper end of the second 
opening 24. That is, the area of the lower end of the third 
opening 34 is greater than that of the upper end of the second 
opening 24, and the lower end of the third opening 34 includes 
the upper end of the second opening 24. As compared to the 
comparative example illustrated in FIG. 6, the solder ball 42 
can be enlarged. 
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In the first embodiment, the diameter L11 of the lower end 
of the second opening 24 and the lower end L21 of the third 
opening 34 are equal to each other, and the diameter L12 of 
the upper end of the second opening 24 and the diameter L22 
of the upper end of the third opening 34 are equal to each 
other. It is thus possible to equalize the conditions for expo 
Sure and development informing the second opening 24 in the 
first resin part 20 in FIG. 4C and the conditions for exposure 
and development in forming the third opening 34 in the sec 
ond resin part 30 to each other. 

Referring to FIG. 8, the diameter L21 of the lower end of 
the third opening 34 is greater than the diameter L11 of the 
lower end of the second opening 24. That is, the area of the 
lower end of the third opening 34 is greater than the area of the 
lower end of the second opening 24, and an area obtained by 
projecting the lower end of the third opening 34 onto the 
lower surface of the first resin part 20 includes the lower end 
of the second opening 24. In a case where the angle of the 
inverse taper that defines the third opening 34 formed in the 
second resin 30 is equal to or smaller than the angle of the 
inverse taper formed in the first resin part 20, the solder ball 
may be further increased as compared to that of the first 
embodiment depicted in FIG. 7. 

Further, as illustrated in FIGS. 7 and 8, the surface of the 
second resin part 30 that defines the third opening 34 is 
inversely tapered. The second opening 24 is inversely tapered 
and the third opening is inversely tapered. Due to the anchor 
effect, the adhesiveness of the metal layer 40 and the resin part 
can be enhanced. 
As illustrated in FIG.9, the surface of the second resin part 

30 that defines the third opening 34 may be not tapered, or 
may be forwardly tapered. 

In the first embodiment, the surface of the first resin part 20 
that defines the first opening 22 is inversely tapered. The 
lower end of the first opening 22 may include the correspond 
ing function area of the acoustic wave element 12. In a case 
where the upper end of the first opening has a comparatively 
great area, the second resin part 30 may be likely to be 
deformed informing the second resin part30. For example, in 
FIG. 4D, a film-like resin sheet (the negative resist 31) is 
formed on the first resin part 20. In this case, the negative 
resist 31 may hang within the first opening 22. Since the first 
opening 22 is inversely tapered to thus reduce the area of the 
upper end of the first opening 22, the deformation of the 
second resin part 30 can be suppressed. 

Interms of simplification of the manufacturing process, the 
first opening 22 and the second openings 24 are simulta 
neously formed. In this case, the first opening 22 is inversely 
tapered, and the second openings 24 are inversely tapered. 
With the above in mind, by making the areas of the third 
openings 34 greater than the areas of the upper ends of the 
second openings 24, the areas of the lower ends of the second 
openings 24 can be increased and the areas of the upper ends 
of the upper portions of the metal layer 40 can be increased. 

Referring to FIG. 7, the upper surface of the metal layer 40 
is preferably higher than the upper surface of the first resin 
part 20. It is thus possible to increase the area of the upper 
surface of the metal layer 40 (the diameter L3 in FIG. 7). 
Further, the upper surface of the metal layer 40 is preferably 
lower than the upper surface of the second resin part 30. It is 
thus possible to prevent the metal layer 40 from flowing out of 
the third opening 34 when the metal layer 40 is formed by 
plating. 

In a case where the first resin part 20 is made of positive 
resist, a special exposure technique is utilized to define the 
inversely tapered openings. Such a special exposure tech 
nique may have a difficulty in thickening the first resin part 
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6 
20. According to the first embodiment, the first resin part 20 is 
made of negative resist, which is formed on the piezoelectric 
substrate 10 as the negative resist 21, as illustrated in FIG.4B. 
As illustrated in FIG. 4C, the negative resist is exposed to 
define the first opening 22 and the second openings 24. It is 
thus possible to inversely taper the first opening 22 and the 
second openings 24. Further, the second resin part 30 is made 
of negative resist, and the third openings 34 may be inversely 
tapered easily. 

All examples and conditional language recited herein are 
intended for pedagogical purposes to aid the reader in under 
standing the invention and the concepts contributed by the 
inventor to furthering the art, and are to be construed as being 
without limitation to such specifically recited examples and 
conditions, nor does the organization of such examples in the 
specification relate to a showing of the Superiority and infe 
riority of the invention. Although the embodiments of the 
present invention have been described in detail, it should be 
understood that the various change, Substitutions, and alter 
ations could be made hereto without departing from the spirit 
and scope of the invention. 

What is claimed is: 
1. An acoustic wave device comprising: 
a piezoelectric Substrate on which an acoustic wave ele 

ment and an electrode pad connected to the acoustic 
wave element are formed; 

a first resin part having a first opening located above a 
function area in which an acoustic wave is excited by the 
acoustic wave element and a second opening located 
above the electrode pad; 

a second resin part that covers the first opening and has a 
third opening located above the second opening; and 

a metal layer formed on the electrode pad in the second 
opening, 

the first opening and the second opening being inversely 
tapered. 

2. The acoustic wave device according to claim 1, wherein 
an area of a lower end of the third opening is greater than an 
area of an upper end of the second opening. 

3. The acoustic wave device according to claim 1, wherein 
an area of a lower end of the third opening is greater than that 
of a lower end of the second opening. 

4. The acoustic wave device according to claim 1, wherein 
a surface of the second resin part that defines the third opening 
is inversely tapered. 

5. The acoustic wave device according to claim 1, wherein 
an upper Surface of the metal layer is higher than an upper 
surface of the first resin part. 

6. The acoustic wave device according to claim 1, wherein 
an upper Surface of the metal layer is lower than an upper 
Surface of the second resin part. 

7. The acoustic wave device according to claim 1, wherein 
the first resin part and the second resin part include negative 
resist. 

8. A method for manufacturing an acoustic wave device 
comprising: 

forming a first resin part on a piezoelectric Substrate on 
which an acoustic wave element and an electrode pad 
connected to the acoustic wave element are formed, the 
first resin part having a first opening located above a 
function area in which an acoustic wave is excited by the 
acoustic wave element and a second opening located 
above the electrode pad; 

forming a second resin part on the first resin part, the 
second resin part covering the first opening and having a 
third opening located above the second opening; and 
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forming a metal layer formed on the electrode pad in the 10. The method according to claim 8, wherein the forming 
Second opening, the first resin part includes forming negative resist on the 

the first opening and the second opening being inversely piezoelectric Substrate, and forming the first and second 
tapered. openings by exposing the negative resist. 

9. The method according to claim 8, wherein the forming is 
the second resin part includes forming a film-like resin sheet 
on the first resin part. k . . . . 


